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Green Infrastructure

A source control approach to development
design that utilizes BSD, LID, and
Conservation Design techniques.

<4Avoid
<4Reduce

<«Minimize

Impacts




m Preserving Natural
Features and Using
Conservation Design

® Reducing Impervious |
Cover

m Using Natural Features
and Source Control for
Stormwater
Management




Green Infrastructure Concepts

m Preserving Natural
Features and Using = "Avoid the
Conservation Design 1mpacts

m Reducing Impetvious _ =Reduce the
Cover impacts

m Using Natural Features
and Source Control for
Stormwater

—p "Manage the
impacts

Management



Green Infrastructure seeks to:

<Use pervious
areas for more
. 77 effective

~——.. . - stormwater
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Keep and treat water on-site before
discharging to local waterways




Green Infrastructure Practices are
separated into Two Categoties :

Planning Practices &

Runoff Reduction Practices



Planning Practices for

Preservation of Natural Features

Preservation of Undisturbed Areas
Preservation of Buffers

Reduction of Clearing & Grubbing
Locating Sites in Iess Sensitive Areas
Open Space Design

Soil Restoration



10.
11.
12.

Planning Practices for
Reduction of Impervious Cover

Roadway Reduction

Sidewalk Reduction
Driveway Reduction
Cul-de-sac Reduction
Building Footprint Reduction
Parking Reduction



Treatment Practices for WQv are
further divided into two additional
categoties :

a. Runoff Reduction by Area and,

b. Runoff Reduction by Volume




Area Reduction Practices

Conservation of Natural Areas

Vegetated Buftfers, Filter Strips for
Impervious Disconnection and
Riparian Reforestation

Tree Planting / Tree Box
Rooftop Disconnection

Stream Daylighting



Volume Reduction Practices

Rain Garden

Green Roof

Stormwater Planter
Stormwater Cistern/Tank
Permeable Paving

Vegetated Swale



Planning Practice #1 :
Preservation of Undisturbed Areas

» Delineate & Place in permanent
conservation:

" Undisturbed
forest
*Native Vegetatlon

=Stream corridors * el

"Floodplains
"Wetlands




Planning Practice #1: Preserve
Undisturbed Areas

» Protect during:
*Design
«Construction
Home

occupancy
»Permanent 7
conservation o Stream

techniques: e Wetland
° E aseme nt C:::} Undisturbed forest

~~.—._~-~Proposed conservation area
*Purchase




Planning Practice #1
Preservation of Undisturbed Areas

“Delineate and
avold disturbing
wetlands, stream
corridors”

“The plan must
have resource
protection at the
core”




Planning Practice #1:

Preservation of
Undisturbed Areas-

Benefits:

"Preserves natural hydrology \
=" Promotes filtration/infiltration

"Preserves natural character, habitat,
aesthetic appeal

"Increases property values

"Reduces SMP storage size



> Delineate

Planning Practice #2 : stream. river and
Preservation of Buffers wetland buffers

s 0N plans.
gk >Protect during:
- *Design
. g4 e -Construction
B . gl T occupancy
«Consult/amend
~Iocalcodes

UBForesf 1 Vi



Planning Practice #2 :
Preservation of Buffers

“Maintain o,
vegetative buffer
strips between
disturbed and

adjacent areas”




Planning Practice #2 :

Preservation of Buffers
Benefits:

sNatural "Right-of-way for flood events
stormwater

treatment

"Promotes
infiltration

"Preserves
habitat

"Recreation area




Planning Practice #2 :

Preservation of Buffers

human land use
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bank stabilization
fisheries habitat |
nutrient removal
sediment control
{lood control
wildlife habitat

Also: Westchester Co.: A Guide to Aquatic Buffers



Planning Practice #3 :

Reduction of Clearing & Grading
» LImit mass

grading -

> Limit to minimum

needed for: |

Buildings
*Roads
«Utilities
*\\astewater
eStormwater




Planning Practice #3 :
Photo:

Reduction of Clearing & Grading Randall Arendt
>Establish limit  [Caaga +=sSee i e
of clearing on g, S
plans

» Use site foot-
printing
»Use open space

or cluster
development

Consult/amend
local codes




Planning Practice #4 :
Locate Sites in Less Sensitive Areas

» Locate development to avoid:
"Erodible soils =F loodplams‘
"Steep slop Yoo

= Mature
Forests
=Critical
habitat




Planning Practice #4 :
Locate Sites in Less Sensitive Areas

Benefits of preserving floodplains:
"Protects people
& property

values

=Storage for
floods

"Preserves
habitat




Planning Practice #4

Benefits of avoiding
steep slopes:

"Prevents soil
erosion

"Reduces
stormwater runoff

=Stabilizes hills

ESaves costs on cut

and fill grading




Planning Practice #5 : Consult/amend

Open Space Design local codes

» Use smaller lot
s1Zes : o
»Design non- 33 “\%: ‘ILSi’::‘
traditional lot 0 3 e

layouts

E'—‘i_cld:i. Stream Corridor, and
Mature Woodlands Protected
from Development -

Locate lots 1n
least sensitive
areas



Soils

® KNOW & MAP YOUR SOILS

m Hydrologic soil groups A and B — Leave
natural/open space — allows infiltration

m Hydrologic soil groups C and D (non-
wetland) — Buildings, roads, driveways

m Hydrologic soil group D wetland soils -
conserve

m Highly erodible or unstable soils — leave
undisturbed and vegetated



Benefits:

"Preserves
natural

hydrology

"Reduces
land
disturbance

"Framework
for site
layout




»Fit design to
site

.
-
gy

Low-impact Development Design

Larry Coffman



Planning Practice #5 : - Open Space Design

»Reduce impervious

cover
»Reduce setbacks SN

frontages LA

>Use narrower road s g 25

undisturbed open s w. NS:_" —e
> Protect water o

resources Connecticut subdivision — photo courtesy of
NEMO program



Planning Practice #5 : Open Space Design

The Cost of Open Space Management

Annual
Open Space Management Strateqy Maintenance Costs
Natural Open Space $75/acre
Only minimum maintenance, trash/debris
cleanup
Lawns $240 to $270/acre
Regular mowing
Passive Recreation $200/acre

Trails, bike paths, etc.



Planning Practice #5 : Benefits of Open
Space Design:

"Preserves natural hydrology

"Preserves conservation areas

ESaves costs -
reduces
infrastructure

| 'Pilot_oz Randall Arendty

=



Planning Practice #6 : Soil Restoration




Planning Practice #6 : Soi1l Restoration




Planning Practice #6 : Soi1l Restoration

Often used with Redevelopment

Affects Post-Construction
Hydrology



10.
11.
12.

Planning Practices for
Reduction of Impervious Cover

Roadway Reduction

Sidewalk Reduction
Driveway Reduction
Cul-de-sac Reduction
Building Footprint Reduction
Parking Reduction



Impervious Cover Reduction Practices

Benefits:

mReduces impervious surfaces
mReduces runoff and pollutants
mReduces cost of building and
maintaining roads

mReduces homeowner maintenance
mReduces paving costs

mIncreases aesthetics & property value
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Practice #7 :

Roadway
Reduction

> Design
according to
density and
traffic
demand




Planning Practice #7 : Roadway Reduction

>Use alternative road patterns to reduce
overall road length

LONGEG CUL-PE-SAE




Planning Practice #8 : Sidewalk Reduction

»Use
-~ lalternative
. gl | designs
& | > Design on
¢ one side of




Practice #8 :

Research:

sAccidents= {0 i
sidewalks on ohe w4
side nearly as safe
as both sides

mMarkets — Homes
with/without
sidewalks sell
equally



Planning Practice #9 :
Driveway Reduction

>Reduce
driveway
~. lengths

> Reduce
driveway
widths



Planning Practice #9 :

Driveway Reduction  [alolf
> Shared

driveways
7 > Alternative
, :;{; materials
&' | >Shorter
setbacks =

- shorter



Planning Practice #10 :
Cul-de-Sac Reduction

>Minimize #
cu-de-sacs
>Minimize
radius
>»Include
landscaped
island

>Use alternative designs . ..



Planning Practice #10 :
Cul-de-Sac Reduction

40 FT CUL-DE-SAC T-SHAPED
W/ ISLAND TURNAROUND

30 FT RADIUS

CUL-DE-SAC LOOP ROAD




Planning Practice #10 :
Cul-de-Sac Reduction
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Planning Practice #11 :
Building Footprint
Reduction

»Use
alternate or

< taller buildings
to reduce
footprmt
» Consolidate
functions in
one building




Planning Practice #11 :
Building Footprint
Reduction

> Reduce

directly
connected
impervious
area



Planning Practice #12 :
Parking Reduction

>Compact car
spaces
>Minimal stall
dimensions
>Efficient
parking lanes
>Parkine decks

»Eliminate
unneeded spaces



Planning Practice #12: Parking Reduction:

»Examine parking ratios

Land Min. Parking Typical Actual Avg.
Use Ratio Range Demand

Shopping 5 spaces/ 4.0-6.5 3.97/

center 1,000 sq. ft. 1000 sq. ft.
Most Actual use
municipalities based on

require this studies



Close-up of turf paver '\'

* P
”
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Planning Practice #12:

» Parking Lot Reduction



Practice #12 :
Reduce
Parking Lot

Imperviousness

Use permeable
avers 1n overflow
arking areas

RRv P #11)



Area Reduction Treatment Practices

1. Conservation of Natural Areas

2. Sheet Flow to Riparian Buffers or Filter
Strips

3. Tree Planting / Tree Box
4. Disconnection of Rooftop Runotf

5. Stream Daylighting



Treatment Practice #1: Conservation of
Natural Areas

» Delineate & Place in permanent
conservation:

" Undisturbed gl
*Native Vegetatlon e
=Stream corridors * el

"Floodplains
"Wetlands




Treatment Practice #2 : Sheet Flow to Riparian
Buffers or Filter Strips

> Treat & control runoff with:

= Forested
areas

" Stream
buffers

" Vegetated
filter strips b




Treatment Practice #2 :

Riparian Buffers/Filter Strips

Benefits:
" Filters & infiltrates
runoff

= Saves costs — natural
depressions are
inexpensive stormwater
storage

= Site design credit

Direct
runoff as

sheet flow to

buffer/filter

strip areas



Treatment Practice #3 :

> Plant trees to:

"Reduce
stormwater
runoff

nutrients |
=Stabilize banks

sShade streams

=" Provide habitat

Tree Planting /Pit

o

e

-~



Treatment Practice #3 : Tree Planting /Pit
Benetfits:

BSaves costs:
natural
landscaping

"Increases
property values

" Absorbs heat

=" Buffers wind
& noise




Treatment Practice #4 : Disconnection of

Rooftop Runoff

Direct flows to
pervious areas.




Treatment Practice #5 : Stream Daylighting

4 i Benefits:

S \

BIncreases aesthetics

'Sunhght kills pathogens
"Prevents flooding —
increased storage

\
h
'-\

"Improves in-stream
habitat

| = Increases public use
2 "Increases property
values




Volume Reduction Treatment
Practices

Rain Gardens
Green Roofs

Stormwater Planters

oL e

Rain Barrels and Cisterns
10. Porous Pavement

11. Vegetated Swale



Volume Reduction Treatment

Practices
OLD FRIENDS

1. Bioretention
2. Infiltration

3. Dry Swale



Treatment Practice #6 : Rain Gardens

> Treat runoff with:

= Rain garden
(simpler version
of bioretention)

» Use for Rooftop
and overland
flows.

» Use in required
landscaping




Treatment Practice #6 : Rain Gardens

>

TR

»

Maximum
drainage area

1,000 Sq.Ft.



http://chicagowildernessmag.org/issues/spring2001/images/16_A.jpg

reatment Practice #6 : Rain Gardens

*3-6” pondin
layer

«12-18”
amended so1

layer
*3-6” gravel
drainage layer




Benefits:

Treatment Practice #6 :
= Better infiltration Rain Gardens
from small drainage
areas !
= Saves costs —
landscaping +
stormwater
treatment
= Improves aesthetics

et d .At il ..__'\'. i e !

" Less thermal 1mpact




Treatment Practice #7 :
Green Roofs

LU[




Extensive Green
Roof

Intensive Green
Roof



Hypetr-
Extensive?




Treatment Practice #7 : Green Roofs

» Direct runoff from rooftops to

T '

" Pervious e

(]
( ]
»

areas
= Rain
barrels
= (Cisterns
= Stormwater
planters
= Green roof




Treatment Practice #8 : Stormwater Planters



http://www.dhs.sa.gov.au/crash-barriers/images/planterhutt-150px.jpg

. Stormwater Planters

Treatment Practice #8

Benefits

Increases

flow time

Reduces
peak flows

e ¢
\ 36

Filters

o 1

<. 4

runoff
= Site design

credit



Treatment Practice #9: Rain Barrels/Cisterns




Treatment Practice #9: Rain Barrels/Cisterns

Direct Rooftop Runoff to Pervious Areas

* Rain
Barrel: 20-
100 gallons

Cistern:
thousands

of gallons




Treatment Practice #10 : Porous Pavement




Treatment Practice #10- Porous Pavement

Porous Pavement



Treatment Practice #10 : Porous Pavement




Treatment Practice #10 : Porous Pavement

» Use permeable pavement/pavers where
site conditions are appropriate:

= Pedestrian
areas

= Overtlow
parking

- Res1dent1a1




Treatment Practice #10:
Porous Pavement

Permeable pavers
in landscaping:

Flat areas ideal
*Well-drained soils




Treatment Practice #11: Vegetated Swale

» Convey & treat
runoff with:

" Natural drainage
paths

" Properly designed
& constructed
channels

» On certain sites
use 1n street right-

of-way



Treatment Practice #11: Vegetated Swale

Benefits:

Saves costs on road
& storm sewer
construction
Provides runoff
storage & treatment © WA

AT,
'
NN LY

Increases travel time SENRSEEE
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Old Friends
BIORENTENTION

PARKING LOT SHEET FLOW

STONE DIAPHRAGM

GRASS FILTER
STRIP

OPTIONAL
SAND LAYER

OVERFLOW
"CATCH BASIN"

UNDERDRAIN COLLECTION SYSTEM

PLAN VIEW

~ CURB STOPS
STONE DIAPHRAGM

6" PONDING
2"-3"MULCH,

2.5-4' PLANTING SOIL

+— FILTER FABRIC
6" PERFORATED
PIPE IN 8" GRAVEL
JACKET

TYPICAL SECTION




Old Friends
INFILTRATION

* Dry Well
 Infiltration Trench
eInfiltration Basin

CONCRETE
LEVEL

EVEL
SPREADER

— EMERGENCY
SPILLWAY
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PLAN VIEW

IFLOW
STILLING BASIN

EMERGENCY
SPILLWAY

STABLE
T OUTFALL

BAGKUP UNDERDRAINPIPEIN GASE OF
STANDING WATER PROBLEMS ANTI-SEEP GOLLAR ot/
FILTER DIAPHRAGH

PROFILE




Old Friends
DRY SWALE
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Us1ng Green Site Planning

&Design will improve our

development projects and
comimunities.

mPreserve undisturbed areas
mReduce impervious cover

mUse pervious areas for
stormwater treatment

~ mAchieve a marketable,
. cost-effective product




A Low Impact Design Multifunctional Use

| of Landscape and
. r Infrastructure
mmnou
 INTO FIELDS [

Decentral |zed <
Controls

Roofs g
Parking Lots .ovsm

Open Dralnage
Rain Barrels N ' oo ©

i Minimize Impacts

WATER
Open Space = \.) b "~
Turf .
Educational EXISTING SWALE

components



